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explain some of the diversity in the properties of KNa Bassoon’s Part in Two
channels apparent in the current literature, especially if Presynaptic Orchestrasthe gating of Slo2 channels is modified by  subunits.
In this regard, there is already evidence that Slo2 chan-
nels can modify the gating properties of Slo1 channels
when they are coexpressed in heterologous systems The protein Bassoon is found in the cytoskeletal matrix
(Joiner et al., 1998). at the active zone of conventional synapses and in
An important feature of the article by Yuan et al. (2003) presynaptic ribbons of photoreceptor synapses. Two
is the observation that C. elegans mutants lacking func- new studies in Neuron show that Bassoon’s most
tional Slo2 channels are more sensitive to hypoxic prominent role at conventional synapses is to enable
stress. Ischemia typically causes an increase in intracel- vesicle cycling, whereas, in photoreceptors it attaches
lular Na, Ca2, and Cl, which would cause activation the ribbon to the presynaptic membrane.
of KNa and hyperpolarization. This in turn would be ex-
pected to inhibit action potential discharge and improve The new technique of electron microscopy applied to
Ca2 transport. Both of these effects should be protec- the central and peripheral nervous system in the middle
tive for nerve and muscle, and it is quite reasonable to 1950s to early 1960s had a profound effect on our under-
hypothesize that this role is conserved over a wide range standing of synapses. The big news was, of course, that
of species and tissues. presynaptic structures contained clouds of tiny vesicles
The identification of genes encoding mammalian KNa that were clearly the basis for the finding of Bernard
channels will make it possible to establish their physio- Katz and his colleagues that transmitter is released in
logical roles through powerful genetic and biochemical multimolecular packets. But there was more that the
methods that have proved invaluable for other families electron microscope showed. At many central syn-
of channels. It will certainly enhance efforts to identify apses, fuzzy material, perhaps interacting with synaptic
agents that selectively modify KNa gating, which could vesicles, seemed to be stuck to the cytoplasmic face
be useful therapeutic agents. It will also make it possible of the presynaptic membrane (schematized in Figure).
to determine the structural and evolutionary relationship With suitable staining methods, the fuzz resembled pyr-
of KNa to other K channels and to Na-dependent cation amids each about 60 nm in diameter and 100 nm apart,
channels. Activation of any channel with a unitary con- linked together by filaments to form a hexagonal web.
ductance of 40–200 pS will have major consequences Not all synapses looked the same. A few sorts of
for an excitable cell. This landmark study will markedly neuron, including photoreceptors, were shown to pos-
accelerate progress on KNa channels, which for nearly sess unique presynaptic structures in the form of vesi-
two decades has been “slo” and frustrating. cle-covered plates, or ribbons, oriented orthogonal to
the presynaptic membrane and apparently glued to it
by a region called the “arciform density” (see Figure).Stuart E. Dryer
The two obvious questions posed by these presynapticDepartment of Biology and Biochemistry
structures concerned their constituent components andUniversity of Houston
the role these played in synaptic transmission. For de-Houston, Texas 77204
cades, one could be excused for thinking that these
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presynaptic membrane associated with vesicles. Care-Yuan, A., Dourado, M., Butler, A., Walton, N., Wei, A., and Salkoff,
ful reconstruction from electron tomography showedL. (2000). Nat. Neurosci. 3, 771–779.
that the fuzzy material was actually a symmetrical skele-Yuan, A., Santi, C.M., Wei, A., Wang, Z.-W., Pollak, K., Nonet, M.,
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The molecular composition of the presynaptic struc-
tures at the neuromuscular junction is largely unknown,
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but some of the molecules from central synapses have
now been identified. The presynaptic web comprises a
cytoskeletal matrix, now called the “Cytomatrix assem-
bled at the Active Zone” (CAZ), linked more or less tightly
with proteins such as clathrin, dynamin, and NSF that
are known to play a role in vesicle cycling. The CAZ
itself includes actin and tubulin along with some less
familiar names like Bassoon, Piccolo, and RIM that are
unique to synapses.
Bassoon and Piccolo, two enormous proteins of sev-
eral thousand amino acids, with high sequence similar-
ity, are generally but not always found together at both
inhibitory and excitatory synapses (Cases-Langhoff et
al., 1996) as well as in presynaptic ribbons where they
join a very short list of the known constituents (Brand- Presynaptic Structures at a Conventional and a Photoreceptor Rib-
bon Synapsestatter et al., 1999). What do these two huge proteins
do? Two papers published in this issue of Neuron exam- At conventional synapses (A) the right staining conditions can reveal
a two-dimensional web of pyramidal particles apposed to the pre-ine the function of one of them, Bassoon, in the forma-
synaptic membrane. These particles are thought to be linked bytion and function of synapses in both hippocampal neu-
filaments and connected to the postsynaptic membrane by anotherrons (Altrock et al., 2003) and photoreceptors (Dick et
set of filaments or pegs. Ribbon synapses (B) have a more complexal., 2003). In these studies, wild-type mice are compared
structure. The presynaptic terminal of a rod or cone cell surrounds
to homozygous mutants in which the central exons of the dendrites of the postsynaptic cells, typically two horizontal cell
the Bassoon gene, responsible for proper targeting of processes and one bipolar cell process arranged in the characteris-
the protein (Dresbach et al., 2003), have been deleted. tic pattern shown here. Aligned with this on the presynaptic side is
a “ribbon,” in fact, a plate seen here in cross-section, to which rowsBassoon is an important player at both kinds of synapse,
of vesicles are tethered by thin filaments. Between the bottom ofbut it probably plays different roles in the two, perhaps
the ribbon and the presynaptic membrane lies a structure some-showing the multifaceted personality expected of such
times called the arciform density.
a large multidomain protein. Both studies raise as many
interesting questions as they answer.
A reasonable starting guess about the function of Bas- zinc finger proteins Piccolo and RIM, might be used to
soon might be that it acts as a scaffolding element for interact with a small effector protein, which is in turn
the assembly of the CAZ. This idea is consistent with associated with vesicles. In the case of Piccolo, the
the large size and multidomain nature of Bassoon. As target protein is PRA1 (Fenster et al., 2000), and in the
required by this idea, Bassoon is delivered early in the case of RIM, the target is rab-3A (Wang et al., 1997). It
development of a synapse. In fact, Bassoon is prepack- remains to be seen how Bassoon interacts with vesicles
aged with many of the other CAZ proteins and is deliv-
and exactly which step in the vesicle cycle is stuck in
ered to nascent active zones in an 80 nm electron dense
the Bassoon mutants.
vesicle (Zhai et al., 2001).
The conundrum in Altrock et al.’s results though is
In mutant mice, the morphology of hippocampal syn-
not so much in finding plausible explanations for whyapses is remarkably normal. Synapses form in their
some synapses are broken, but lies instead in explainingusual numbers, and individual release sites are clearly
why most synapses appear to be morphologically andequipped with synaptic vesicles. Yet something is obvi-
physiologically normal. Part of the explanation may lieously wrong, since mutant mice are susceptible to sei-
with the observation that Piccolo is upregulated in mu-zures. The explanation for this seems to be that the
tant neurons. Perhaps Piccolo can substitute for Bas-strength of excitatory synaptic transmission is reduced
soon, but why then is Piccolo unable to substitute at allin mutant animals. Surprisingly, the way this comes
synapses? The explanation is not obvious and may be,about is not, as you might imagine, that all synapses
as the authors suggest, stochastic failure, a close rela-are somewhat impaired, but rather that a fraction, per-
tive of bad luck. An observation made recently by Ro-haps as many as 50%, are completely silent, and the
senmund et al. (2002) may also be relevant here. Theirremainder are essentially normal. The silent synapses
study examined the protein Munc13, which is known tolook morphologically normal, but as Altrock et al. show
interact with the CAZ protein RIM and to be essentialusing the dye FM1-43, vesicle cycling is disabled at
for vesicle priming at many synapses (Augustin et al.,these synapses. So it seems that the guess that Bassoon
1999; Betz et al., 2001). While Munc13-1 knockouts ren-is an essential scaffolding element for the construction
dered most glutamateric synapses inactive, a subsetof the presynaptic machinery is not entirely correct. After
made by the same neurons were spared because theyall, normal-looking synapses develop in the mutant
utilized the paralog Munc13-2. Rosenmund et al. show,mice. Bassoon instead seems to be needed for a step
interestingly, that these molecular differences correlatein the vesicle cycle, perhaps vesicle priming, a catch-
with physiological differences in synaptic plasticity, butall term used to cover the unknown number of steps
the general point here is that even synapses made by abetween a vesicle looking as though it is ready to fuse
single neuron can be constructed to different molecularand actually being ready to do so. Involvement with
specifications. And in the context of Bassoon, we mightthe vesicle cycle is not so surprising, given Bassoon’s
imagine that some synapses could be constructed withstructure. Bassoon has zinc finger domains in its
N-terminal region which, by analogy with the other CAZ proteins specifically requiring interaction with Bassoon,
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Brandstatter, J.H., Fletcher, E.L., Garner, C.C., Gundelfinger, E.D.,and others might be constructed with proteins for which
and Wassle, H. (1999). Eur. J. Neurosci. 11, 3683–3693.Piccolo could substitute for Bassoon.
Cases-Langhoff, C., Voss, B., Garner, A.M., Appeltauer, U., Takei,How about photoreceptors? The overall impression
K., Kindler, S., Veh, R.W., De Camilli, P., Gundelfinger, E.D., andfrom the hippocampus is one of morphological normality
Garner, C.C. (1996). Eur. J. Cell Biol. 69, 214–223.
in mutant synapses, but in the retina, synapse morphol-
Dick, O., tom Dieck, S., Altrock, W.D., Ammermu¨ller, J., Weiler, R.,
ogy is far from normal. Missing for both rods and cones Garner, C.C., Gundelfinger, E.D., and Brandsta¨tter, J.H. (2003). Neu-
are the ribbons that would usually be opposite their ron 37, this issue, 775–786.
postsynaptic elements at synapses in the outer synaptic Dresbach, T., Hempelmann, A., Spilker, C., tom Dieck, S., Altrock,
layer. Ribbons were sometimes seen in photoreceptor W.D., Zuschratter, W., Garner, C.C., and Gundelfinger, E.D. (2003).
Mol. Cell. Neurosci., in press.terminals, but instead of being anchored to the presyn-
aptic membrane, they were floating freely in the cyto- Fenster, S.D., Chung, W.J., Zhai, R., Cases-Langhoff, C., Voss, B.,
Garner, A.M., Kaempf, U., Kindler, S., Gundelfinger, E.D., and Garner,plasm. The obvious conclusion, and one consistent with
C.C. (2000). Neuron 25, 203–214.Bassoon’s normal location at the bottom of the ribbon,
Harlow, M.L., Ress, D., Stoschek, A., Marshall, R.M., and McMahan,in the arciform density (Brandstatter et al., 1999), would
U.J. (2001). Nature 409, 479–484.be that Bassoon is required to stick the ribbon to the
Phillips, G.R., Huang, J.K., Wang, Y., Tanaka, H., Shapiro, L., Zhang,presynaptic membrane. As with the results of Altrock et
W., Shan, W.S., Arndt, K., Frank, M., Gordon, R.E., et al. (2001).al. though, there is an unexpected twist to these results.
Neuron 32, 63–77.
Electron microscopy shows that cone cells make no
Rosenmund, C., Sigler, A., Augustin, I., Reim, K., Brose, N., and
presynaptically normal synapses at all, and the absence Rhee, J.S. (2002). Neuron 33, 411–424.
of functional synapses is confirmed using electrophysio- Wang, Y., Okamoto, M., Schmitz, F., Hofmann, K., and Sudhof, T.C.
logical monitoring of the ERG from the mutant retina. (1997). Nature 388, 593–598.
Rods, on the other hand, while they make virtually no Zhai, R.G., Vardinon-Friedman, H., Cases-Langhoff, C., Becker, B.,
viable synapses in the synaptic layer, make synapses Gundelfinger, E.D., Ziv, N.E., and Garner, C.C. (2001). Neuron 29,
131–143.with their normal bipolar cell and horizontal cell partners
but in completely the wrong place. These ectopic syn-
apses lie well outside the synaptic layer among the cell
bodies of the photoreceptors, a region of the retina that
rod bipolar cell and horizontal cell processes would
never normally inhabit. Immunocytochemistry suggests
and ERG recording confirms that these synapses are
functional, with ribbons anchored normally to the pre-
synaptic membrane, as shown by electron microscopy.
How it is that ribbons in ectopic synapses can be an-
chored while those in the correct location are unglued
is puzzling but suggests that something can substitute
for Bassoon, perhaps a protein expressed late in devel-
opment after the synaptic layer has already formed.
Clearly, there is a great deal more to understand about
this complicated protein and its interaction with other
synaptic molecules. The most exciting long-term pros-
pect raised by the examination of this molecule, and the
others of the CAZ, is that it will lead to a synthetic picture
of structure and function at the active zone. Very often,
structure is 90% of the story in cell biology, but its
role in transmitter release has, until now, scarcely been
considered.
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